1963. 4 Participant, during the summer of 1962, in the Na- ties which are inherent in the recoveries (8) . But even so, the bulk of the available data indicates that the amount (on a fresh weight basis) of NADPH in animal tissues is much higher than that of NADP so that a high ratio of NADPH/NADP is maintained in most if not all animal tissues, whereas in the same tissues NAD is higher than NADH [see Lowenstein's review (10) ; also see Caiger et al. (3) ].
Also, the sum of NADP and NADPH is greater in organs which have a high degree of synthetic ability than in those organs which have a relatively low synthetic activity and a high energy-dispensing activity (8, 10) . Moreover, on the basis of data of this kind, several investigators have advanced the hypothesis that the reducing agent in biosynthetic steps in animal tissues is NADPH and the oxidizing agent is NAD (10) .
In comparison, only scant data are available concerning the amounts of nicotinamide nucleotide coenzymes in the tissues of higher plants. In 1955, Hasse (6) summarized and tabulated the (lata then available. The recorded NAD contents of 6 plant parts, such as tomato and spinach leaves, ranged from about 3 to 20 micrograms per gram fresh weight, while the recorded NADP levels of leaves and other plant parts of a dozen species ranged from about 1 to 10 micrograms per gram fresh weight. Pollen grains of several species were reported to contain as much as 1,000 micrograms of NAD per gram fresh weight. In some cases, the oxidized and reduced forms of the coenzymes were reported as a single value, because the experimental techniques which were employed did not distinguish between the 2 forms of the coenzyme. In the more recent literature, Bevilacqua (2) (11) show that the loss of oxidized coenzymes in acid solution at 1000 is only 5 % in 1.5 minutes. When reduced coenzymes were being estimated, grinding was continued for 2.0 minutes, even though the reduced coenzymes can withstand boiling temperatures for 30 to 60 minutes in alkaline solution (11) ; the grinding period of 2.0 minutes was adopted because continued heating was found to result in increased coloration and high optical absorbance of the extracts. Immediately following the grinding operation, the hot homogenate was transferred into a beaker which was immediately placed into an icewater bath. After cooling, the alkaline extract was adjusted to about pH 7.6 with concentrated HC1 and the acid extract was adjusted to about pH 8.0 with concentrated NaOH, so that the pH of the extract would be close to the pH optimum for enzymic analytical analysis; the loss of oxidized coenzymes at pH 9 and below, at room temperature, is less than 5 % in about 2 hours (11). Then, 0.4 g of Celite (diatomaceous silica) was stirred into the homogenate, which was centrifuged at 30,000 X g at 00 for 20 minutes, restirred, and centrifuged again; the addition of Celite was found to aid considerably in the clarification of the extract. The supernatant fluid was poured off and the volume was measured; the volume of the recovered plant extract was usually between 10 and 13 ml. Plant extracts were stored at 50 and analyzed for coenzyme content within an hour, or at most 2 hours, after preparation; overnight storage was avoided not only because the extracts developed a brown color on standing, but also because of the slow destruction of the oxidized coenzymes at pH 8 and higher (11) .
One addition (0.4 g) of Celite to the plant homogenate was found to have virtually no effect on the recovery of coenzyme in the homogenate. (This was tested with NADPH and with NAD on homogenates from 12-to 14-day seedlings; these homogenates from older seedlings could be clarified sufficiently for spectrophotometric analysis by direct centrifugation-without the addition of Celite.) However, the further addition of Celite to plant extracts which had been completely or partially clarified by centrifugation with Celite, or the addition of Celite to water solutions of commercial coenzymes, resulted in 5 to 25 % losses of coenzyme upon centrifugation.
Spectrophotometric Estimlation of Coenzymes.
The enzymic analytical methods which were used for determination of coenzyme content of plant extracts were based on recommendations of Klingenberg et al. (9) . These methods are based on the optical absorption properties of the nicotinamide nucleotide coenzymes at 340 m,u.
NAD was determined with alcohol dehydrogenase in the presence of an excess of ethanol. The reference cuvette contained 2.0 ml of a solution of potassium pyrophosphate (0.1 Ai) and semicarbazide (0.05 Ai) at pH 8.7, 0.5 ml ethanol (0.1 M) and 0.5 ml planit extract. The sample cuvette contained the same mixture and also 10 A of alcohol dehydrogenase. This amount of enzyme was sufficient to complete the reaction in approximately 1 minute, but readings were taken for 3 minutes to insure constancy of optical absorbance. A correction for absorbance by alcohol dehydrogenase was made. The alcohol dehydrogenase enzyme system was shown not to react with NADP, at least wvithin the time limits employed for the NAD assay, and at a concentration level of 0.3 /Lmole per 3 ml cuvette (a concentration far in excess of that found in the plant extracts).
NADP was determined with isocitric dehydrogenase in the presence of an excess of isocitric acid. The reference cuvette contained 1.9 ml triethanolamine buffer (0.5 M, pH 7.6), 0.5 ml DL-isocitric acid lactone, allo-free (the lactone was converted to the sodium salt by dissolving in NaOH and boiling for 10 minutes), 0.1 ml of magnesium sulfate (0.1 M) and 0.5 ml of plant extract. The sample cuvette containe(l the same mixture and also 10 )ul of isocitric dehydrogenase. This amount of enzyme was sufficient to complete the reaction in about 1 minute, but readings were taken for several minutes to insure constancy of optical absorbance. A correction for absorbance by the enzyme was made. The isocitric dehydrogenase enzyme system was shown not to react with NAD, at least within the time limits employed for the NADP assay, and at a concentration level of 0.3 ,umole per 3 ml cuvette (a concentration far in excess of that found in the plant extracts).
NADH was determined with lactic dehvdrogenase in the presence of an excess of sodium pyruvate. The reference cuvette contained 0.5 ml sodium pyruvate (0.1 M), 2.5 ml triethanolamiiine buffer (0.5 M, pH 7.6) and 5 Id lactic dehydrogenase. The sample cuvette contained 0.5 ml sodium pyruvate, 2.0 ml triethanolamine buffer, 0.5 ml plant extract, and 5 al lactic dehydrogenase. Crystalline lactic dehydrogenase (Sigma) was shown to react with NADPH as well as with NADH, but at a much slower rate: viz., it required 12 minutes to oxidize 0.2 irmole of NADPH but less than 20 seconds to oxidize the same amount of NADH; comparable results for the same enzyme preparation (crystalline lactic dehydrogenase, Sigma) were already reported by Navazio et al. (16) . Therefore, the reaction was followed for only 20 seconds. No NADH was ever detected in any of the plant extracts (see Results).
NADPH was determined with glutathioine reductase in the presence of an excess of oxidizecl glutathione. The reference cuvette contained 2.0 nl of potassium phosphate buffer (0.1 AI, pH 7.6), 0.5 ml oxidized glutathione and 0.5 ml of glutathione reductase. The sample cuvette contained 1.5 ml phosphate buffer, 0.5 ml oxidized glutathione, 0.5 nl plant extract and 0.5 ml glutathione reductase solution. The amount of enzyme was sufficient to complete the reaction in less than a minute, but readings xvere taken for 3 or 4 minutes to insure constancy of optical absorbance. NADH may also be oxidized (very slowly) by the glutathione reductase system; Klingenberg et al. (9) recommended that the reduced coenzymes be analyzed in the same cuvette, first by the addition of lactic dehydrogenase and theni by the addition of glutathione reductase; however, extracts from etiolated maize seedlings contained no detectable amounts of NADH (see Results), and tllerefore plant extracts containing reduced coenzymes could be analyzed directly for NADPH Nitlh glutathione reductase.
Other Procedures. Enzyme solutions w-ere stored at 5°. Commercial coenzyme solutions were freshly prepared in small amounts immediately before use. Optical absorbance measurements were made at 340 mit on a Beckman model DLT spectrophotometer. Cuvettes of 1 cm light path were used, and the amount of liquid in each cuvette was 3 ml.
The coenzyme content of the extracts was calculated from the change in optical absorbance after specific oxidation or reduction. The imiolar absorptivity of the reduced coenzymes was takeni as 6.2 X 10' (7 tem), a conclusion already discussed by Hasse (6) . Because the inhibitions by the extracts were less a+M -os than 20 % when 0.5 ml of plant extract was used for spectrophotometric analysis (fig 1) , but increased x \ sharply when 0.75 ml or 1.0 nml was used, 0.5 ml of X _\ \ plant extract was used for all further spectrophotometric analyses.
Recovery of Coenzym7les. NADP in wheat germ preparations (4) Figure 2 shows the NADPH contents of etiolated iat the presence of these compounds in maize seedlings in micrograms per gram fresh weight the grinding solution might increase the assay of NADP. However, the addition of these substances (2.0 to 4.0 mg) to the grinding solution had no effect on the assay values of NADP. Also, the addition of nicotinamide (2.0 to 4.0 mg) to the grinding solution was found to have no effect on the assay values of NAD.
Effect of Plant Extracts on Analytical Enzymle
Svsteins. 
